Objectives: The aim of the present study was to determine the cardiotoxic effects of the intrathecal and epidural administration of bupivacaine and levobupivacaine by investigating whether there is a correlation between the brain natriuretic peptide (BNP) protein levels and the arterial pressure. Methods: In this prospective, randomized, double-blinded, 30 patients aged 25-70 years, who were undergo total knee arthroplasty surgery, were randomized into 2 groups. In Group 1 (n=15): levobupivacaine was applied and Group 2 (n = 15) bupivacaine was applied. Primary outcome measures includes BNP protein levels (at after injection 10th minute and postoperative 24th hour), systolic arterial pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure (MAP) (at preoperative, after injection 10th minute and postoperative 24th hour) was examined. Results: In both groups, there was no statistically significant correlation between the BNP levels and the SAP, DAP and MAP value 10 minutes after the administration of combined spinal-epidural anesthesia and at the 24th hour (p>0.05) Conclusions: We think that the cardiac effects associated with the hypotensive effects of local anesthetics cannot be revealed with the BNP. Moreover, our study results suggest that both drugs are not cardiotoxic when administered with combined epidural spinal anesthesia.
Introduction
Regional anesthesia techniques are commonly used to perform postoperative pain management and surgical procedures (1) . Local anesthetic (LA) can be used alone or in combination with opioid in peripheral nerve block techniques and in neuroaxial block applications such as spinal epidural (2) . The direct cardiac side effects and the sympathetic denervationrelated indirect cardiac side effects of LA may occur, although neuroaxial block applications have positive advantages compared with general anesthesia when used for orthopedic surgical procedures (3).
The reason for considering local anesthetics to be potentially toxic for the cardiovascular system is that they can produce the effects, which they produce on the ion channels of the nerve cells (neurons), on other inducible tissues as well. (4, 5) .
Bupivacaine, one of the most commonly used local anesthetics, is a local anesthetic, cardiac depressant characteristic of which is the most prominent. Another local anesthetic used for epidural and spinal anesthesia is Levobupivacaine. Levobupivacaine, the s (−) enantiomer of bupivacaine, is a newer drug, and although it has similar pharmacokinetic properties compared with racemic bupivacaine, the studies conducted have attempted to determine that the cardiovascular side effects of levobupivacaine were less (6, 7) . Although some of these studies have indicated that the hemodynamic and anesthetic effects were similar with bupivacaine, some of them have suggested different arguments (6) (7) (8) . Even though the studies were mostly conducted on ECG results, there are also studies determined that biochemical parameters could also be used. The brain natriuretic peptide (BNP) that can be used in the diagnosis and follow-up of possible myocardial damage is one of these biochemical parameters (9) ventricular wall tension and volume increase (9) .
In the literature, we could not found a study evaluating the cardiac effects of levobupivacaine and bupivacaine with the BNP levels. In this study, we aimed to determine the cardiotoxic effects of the intrathecal and epidural administration of bupivacaine and levobupivacaine by investigating whether there is a correlation between the BNP protein levels and the arterial pressure.
Material and Methods
In our study designed as prospective, randomized, doubleblinded, 40 patients agreed to undergo total knee arthroplasty (TDP) surgery with combined spinal-epidural anesthesia were evaluated in terms of compliance after the ethics committee approval. Patients aged between 20-70 years in the risk class of ASA I-III, who agreed to participate, were included in the study. Those, who have a cardiac disease, systemic diseases such as DM, HT and infection in the lumbar region and anatomical deformities in the lumbar region and are hypersensitive to the agents to be used in the study, were excluded from the study.
Since 10 patients had exclusion criteria, 30 patients were included in the study. Detailed information about the study was provided to all patients. Written consents were obtained from all patients. After demographic characteristics and preoperative measurements of the patients were recorded, the patients were randomized into 2 groups using a random number table. Group 1 (n = 15) was designated as the levobupivacaine group and Group 2 (n = 15) was designated as the bupivacaine group.
Interventions:
Preoperative Period: Patients were monitored by standard methods (noninvasive blood pressure systolic arterial pressure (SAP), diastolic arterial pressure (DAP), mean arterial pressure (MAP) and heart rate (HR)].
Operative Period: The epidural space the patients placed in the side-lying position before the operation was reached by a 18G Tuohy epidural needle using the loss of resistance technique through the L3-4 or L4-5 interspaces. The subarachnoid space was reached by a 27G spinal needle delivered through the epidural needle, and after the observation of free CSF flow, 15 mgr (3 cc) isobaric levobupivacaine was injected for Group I and 15 mgr (3 cc) isobaric bupivacaine was injected for Group II. Subsequently, a 20 G epidural catheter was inserted through the spinal epidural needle into the epidural space.
The sensory block level was checked by pinprick test every 5 minutes in patients who were followed up in the supine position. When the sensory block reached T10 level (approximately 10 th minute after injection), following appropriate site sterilization, venous blood sample was taken from the antecubital vein for the measurement of BNP protein level and the surgical procedure was initiated.
The SAP, DAP, HR values were recorded at 5 minute intervals and the MAP values were estimated throughout all surgical procedures. Atropine 0.5 mg (IV) was administered when the HR reduced below 50/min. during the surgery and ephedrine 10 mg (IV) was administered when the MAP control value reduced below 20%.
Postoperative Period: By the end-of-surgery, patient controlled analgesia (PCA) device was connected via the epidural route and a local anesthetic infusion was initiated. The PCA device settings were as follows: a basal infusion rate of 4 ml/hour, a bolus dose of 2 ml, a lockout time of 30 minutes.
The dose of local anesthetic used in epidural infusion was as follows: Group I: 1.25 mg/ml levobupivacaine, Group II: 1.25 mg/ml bupivacaine. Postoperative follow-up of the patients was performed with SAP, DAP and MAP at 0th and 1st, 6th, 12th, 24th hours. When the visual pain scores (VAS) were >4, diclofenac 75 mg (IM) was administered, and the data were recorded. Following appropriate site sterilization, the venous blood sampling was performed from antecubital vein for the measurement of BNP protein level at postoperative 24th hour.
BNP: The serum BNP assays were studied in the biochemistry laboratory using the Abbott Axsym System in BNP kit with the MEIA (microparticle enzyme immunoassay) technique after separating the serum following the centrifugation at 5000 rpm for 10 min. The results were given in pg/ml.
Statistical Analysis
SPSS version 22.0 statistical package program was used for the statistical analysis. Descriptive statistical methods were used in the analysis of categorical data. Whether or not the distribution was normal was assessed by the Shapiro-Wilk test. Student's t-test was used to compare whether or not there was difference between the groups, since normal distribution was found in the study. The correlation analyzes were carried out by the Pearson correlation test. Probability (P) values smaller than =0.05 were considered as significant and there is a difference between the groups; the values greater than =0.05 were considered as insignificant and there is no difference between the groups.
Results:
The study was completed with a total of 30 patients (Group I n=15, Group II n=15). There was no statistically significant difference between the two groups in terms of demographic characteristics (p>0.05) ( Table 1) . There was no statistically significant difference between the groups in terms of systolic arterial pressures at all measurement times (p>0.05) ( Table 2 ). The inter-group comparison of diastolic arterial pressures and mean arterial pressures revealed that there was a statistically significant difference between the groups with a lower value in the bupivacaine group only during the postoperative 24th-hour measurements (p>0.05) ( In both groups, there was no statistically significant correlation between the BNP levels and the SAP, DAP and MAP value 10 minutes after the administration of combined spinal-epidural anesthesia and at the 24th hour (p>0.05) ( Table  4 ) ( Table 5 ). 
Discussion
We used bupivacaine and levobupivacaine in CSEA at equal doses for total knee arthroplasty and postoperative analgesia. We did not find a statistically significant correlation between the BNP levels and the SAB, DAB and OAB values measured at the 10th minute after the spinal block and at the postoperative 24th hour to determine the cardiotoxic effects of both drugs.
Although local anesthetics affect the membranes of the neurons, they may also affect the ion channels of the inducible tissues such as the heart in addition to these effects (10) . The primary mechanism of action of bupivacaine on the heart, which is the most commonly known local anesthetic drug in terms of cardiotoxic effect, occurs on the cardiac sodium channels and voltage-gated potassium channels (10, 11) . On the other hand, levobupivacaine is the s (-) enantiomer of bupivacaine and has similar pharmacokinetic properties compared with bupivacaine; the studies conducted have shown that the post-spinal anesthetic effects of levobupivacaine were the same as those of bupivacaine (7, 12) . It has been reported that the inhibitor effect of Levobupivacaine on the sodium and potassium channels was less than Bupivacaine, and therefore may be a new alternative in patients with cardiovascular disease (11, 13) . However various studies have reported that the number of studies conducted on Levobupivacaine was limited, and that further studies were necessary (14, 15) .
Animal studies on the cardiotoxicity of local anesthetics have different results in the literature. In these studies conducted on dogs, cardiotoxic effects have been investigated by intravenously administering different local anesthetics, and bupivacaine resulted in a mortality rate of 50%, whereas this rate was 30% in levobupivacaine at the same dose (14) . Two different studies attempting to determine the drug plasma concentrations for cardiovascular effects of local anesthetics have reported that bupivacaine and levobupivacaine produced similar levels of cardiovascular effects (15, 16) . The studies conducted on cardiac conduction concluded that levobupivacaine was less cardiotoxic. In a study investigating the effects of local anesthetics on QRS duration, the rates of bupivakain and levobupivacaine have been found to be 1:0.4 (11) . A study that has obtained similar results and was conducted on pigs has found that levobupivacaine was about 33-44% less toxic than bupivacaine (17) .
The effects of local anesthetics administered intravenously on the cardiovascular system have been examined in volunteers.
The study results conducted on humans also have different arguments. A study conducted by Stewart J. et al. has indicated that ropivacaine was effective at the same level with levobupivacaine in terms of toxicity, but bupivacaine was more toxic than these (18) . Bardsley H. et al. have investigated the effects of levobupivacaine and bupivacaine on the PR interval and corrected QT (QTc) intervals in ECG, and found a statistically significant increase only in bupivacaine (19) . Unlike these studies, Bader et al. have reported that the epidural administration of bupivacaine and levobupivacaine during cesarean section operations had no effect on the QT interval values in ECG (6).
Biochemical markers can also be used to determine the cardiovascular effects of local anesthetics. One of the natriuretic peptides released in cases of cardiac dysfunction is brain natriuretic peptide (BNP), and has been indicated to be used for the assessment of cardiac status after cardiotoxicity, cardiac and noncardiac surgery. (20) (21) (22) (23) Cuthbertson BH et al. presented an argument on that the BNP levels were important in detecting the cardiac pathologies in order to determine the risk of cardiac complications and the mortality rate following a major emergency non-cardiac surgery (24) . A study conducted by Vetrugno et al. showed that the BNP measured preoperatively and postoperatively may be a precursor of important cardiac side-effect events (25) .
A study conducted by Terasako et al. has investigated the ANP and BNP levels in patients underwent hip arthroplasty.
As a result of their study, they argued that the indication of hypertension-related inadequate myocardial reserve could be detected by elevated ANP and BNP levels (23) .
When the conducted studies were examined, there was no other study evaluating the cardiotoxic effects of different types of local anesthetic drugs with the BNP. While there was no perioperative difference between the systolic, diastolic, and mean arterial pressures recorded between the groups within the scope of our study, the diastolic arterial pressures and the mean arterial pressures at the postoperative 24th hour were statistically significantly lower in the bupivacaine group. The results of the perioperative hemodynamic parameters seemed to be similar to those of the studies in the literature in which intrathecal drug was administered (12, 26) . However, despite the lower DAP and MAP values in the bupivacaine group at the postoperative 24th hour, there was no statistically significant difference in the BNP levels at this hour between the groups and similarly, there was no statistically significant correlation.
Limitation: We consider the small number of patients and not comparing the BNP levels with the ECG findings as the limitations of our study.
Conclusions:
It is interesting to note as a result of this study that although the effects of levobupivacaine and bupivacaine administered in combination with epidural spinal anesthesia on the postoperative 24th hour BNP values were similar, the postoperative 24th hours DAP and MAP values were lower in the bupivacaine group, however there was no correlation with BNP. Therefore, we think that the cardiac effects associated with the hypotensive effects of local anesthetics cannot be revealed with the BNP. Moreover, our study results suggest that both drugs are not cardiotoxic when administered with combined epidural spinal anesthesia.
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